The aim of the present study was to determine the classification error probabilities, as lean or obese, in hypercaloric diet-induced obesity, which depends on the variable used to characterize animal obesity. In addition, the misclassification probabilities in animals submitted to normocaloric diet were also evaluated. Male Wistar rats were randomly distributed into two groups: normal diet (ND; n=31; 3,5 Kcal/g) and hypercaloric diet (HD; n=31; 4,6 Kcal/g). The ND group received commercial Labina rat feed and HD animals a cycle of five hypercaloric diets for a 14-week period. The variables analysed were body weight, body composition, body weight to length ratio, Lee index, body mass index and misclassification probability. A 5% significance level was used. The hypercaloric pellet-diet cycle promoted increase of body weight, carcass fat, body weight to length ratio and Lee index. The total misclassification probabilities ranged from 19.21% to 40.91%. In conclusion, the results of this experiment show that misclassification probabilities occur when dietary manipulation is used to promote obesity in animals. This misjudgement ranges from 19.49% to 40.52% in hypercaloric diet and 18.94% to 41.30% in normocaloric diet.
INTRODUCTION
Obesity is a complex multifactor disease characterized by the excessive accumulation of adipose tissue that may impair health. Nowadays, approximately 1.6 billion adults are overweight and at least 400 million adults are obese (WHO 2004) . Even though genetic predisposition contributes to increase the number of obese individuals, the current world epidemic of obesity is a consequence of the enormous availability and consumption of highly energetic and palatable diets, and a reduction in energy use (Astrup et al. 1994; Lissner & Heitmann 1995) .
Since studies on the consequences of obesity in humans have ethical limitations, experimental models of diet-induced obesity are appropriate for studying this pathology, and many studies have been developed to obtain obese animals through diet changes ( Woods et al. (2003) considered carcass fat as an obesity indicator and showed that using body weight led to underestimations in animal obesity levels. They demonstrated that, while the body weight of rats fed with a high-fat diet increased 10%, the increase in carcass fat was between 30 and 50%. This data suggests that the variables used to identify obese animals can present different responses and, therefore, lead to misclassification; for instance, animals submitted to high-fat diets may be classified as lean, in terms of body weight, even presenting characteristics of obese animal, in terms of carcass fat. The aim of the present study was to determine the classification error probabilities, as lean or obese, in hypercaloric diet-induced obesity, which depends on the variable used to characterize animal obesity. In addition, the misclassification probabilities in animals submitted to normocaloric diet were also evaluated.
MATERIALS AND METHODS

Animals and experimental model
This study was performed on thirty-day-old male Wistar rats, supplied by São Paulo State University Animal Center -UNESPBotucatu/SP. Rats were randomly distributed into two groups: normal diet (ND; n=31) and hypercaloric diet (HD; n=31). ND animals received commercial Labina rat feed (Purina " , Paulínia, SP, Brazil) and HD animals were submitted to cycles of five hypercaloric diets (H1, H2, H3, H4, and H5) offered for seven days. Rats were maintained on this dietary regimen for 14 weeks and then sacrificed. The hypercaloric diet was standardized in our laboratory and was utilized for the first time. The groups received water ad libitum. Table 1 .
Body composition
Carcass water, fat, and protein content were determined. The percentage of water was calculated as the difference between preand post-drying carcass weight by PPr-PP/ PPr x 100%, where PPr = pre-drying weight, and PP = post-drying weight. Bodies were dried at 100±5ºC for 72h in a ventilated Fanem ® oven. After drying, each carcass was wrapped in a paper filter and fat was extracted using a Soxhlet extractor (Corning Incorporated, USA). The percentage of carcass fat was calculated by PP-PSSG/PPr x 100%, where PP= postdrying weight, PSSG= dry weight after fat extraction, and PPr= pre-drying weight. After drying and fat extraction, the carcass was homogenized and nitrogen quantified by the micro-Kjeldahl method (Kjedahl 1965). Protein was determined by %nitrogen x PSSG x 6.25/100, where PSSG= dry weight after fat extraction.
Probabilities of misclassication
The following criteria was used to determine the probabilities of misclassification in variables utilized for identifying obese animals, such as body weight, carcass fat, final body weight to length ratio, Lee index and body mass index: 1) 95% confidence intervals and upper (UL) and lower (LL) limits were determined from the mean value of variables cited above for both groups; 2) Then, mid-points were calculated between the UL of normocaloric group and LL of the hypercaloric group. This mid-point (SP, separation point) was used to differentiate into which group, obese or lean, the rats would be classified; 3) To classify the animals in one of these groups, the following situation was considered: each animal from the hypercaloric diet group positioned above the SP was considered obese and each rat submitted to the normocaloric diet positioned below the SP was considered lean; 4) The probabilities of classification error were then calculated for each variable analysed. The HD animals below SP were considered obesity-resistant hypercaloric animals (ORH) and ND rats above SP as obesity-prone normocaloric animals (OPN). The best variable to allocate animals to their real group, obese or lean, was the variable that presented minor medium error (probabilities of OPN + ORH/2).
Statistical analysis
The results of general characteristics were presented as mean ± standard and submitted to the Student's t-test. The probabilities of (Table 2) . Table 3 shows the results of Pearson's linear correlation test. There were positive correlations between relative carcass fat and final body weight (r=0.713; p<0.001), body weight to length (r=0.645; p<0.001), Lee index (r=0.642; p<0.001), body mass index (r=0.347; p<0.01) and leptin (r=0.802; p<0.001). Table 4 shows classification error probabilities for relative carcass fat, body weight, body weight to length ratio, Lee index and body mass index. Relative carcass fat showed the lowest probabilities of obesity resistant hypercaloric (19.49%) and obesity-prone normocaloric (18.94%); it was therefore the best variable to classify obese and lean animals. Relative carcass fat was followed by final body weight (ORH= 22.06% and OPN=20.33%), body weight to 
Probabilities of misclassification
DISCUSSION
The results of this study show that the hypercaloric pellet-diet cycle promoted obesity in Wistar rats, characterized by an increased adiposity index (relative carcass fat) in association with increased body weight, body weight to length ratio, Lee index, and serum leptin. The hypercaloric diet model used in this study, basically increasing fat levels, has no parallel in literature, since we did not find any studies using a rotation cycle of five different types of diet. Dietary manipulation used to induce experimental obesity is presented as pellets or foods in natura, the second better known as cafeteria diets (Sclafani & Springer 1976). These latter types of diet are highly energetic, very tasty, contain different shapes and are much closer to regular human food. However, they have some restrictions: they are offered in natura, can deteriorate, and it is difficult to quantify Although our study confirmed the results mentioned above and showed that there were positive correlations between carcass fat and others markers of obesity (Table 3) , an important finding of this investigation was that classification error probably occurs in dietary models (Table 4 ). This misclassification depends on the variables used to classify the groups as obese or lean and may occur in both groups. When relative carcass fat was used, the probability of an animal submitted to hypercaloric diet to be classified as obese when presenting characteristics of a lean animal was 19.49%. However, when body weight was utilized, the misclassification probability was 22.06% and it may be higher when other markers of obesity are used (Table 4) . In relation to obesity-prone normocaloric rats, i.e., animals exposed to normocaloric diet being classified as lean when they truly respond as obese animals ranged from 18.94 to 41.30%. Therefore, the results of this study showed that animals submitted to different diet models do not always present the expected response. This fact can lead to erroneous animal classification and, consequently, false conclusions. However, this error probability may be minimized by using the best variable. Since studies that evaluate error probabilities in diet-induced obesity were not found, the data this study present can help define the number of animals to be utilized in experimental groups.
In summary, the results of this experiment show that the dietary model used in this study promoted obesity in Wistar rats. However, misclassification probabilities occur when this dietary model is utilized. This misjudgement ranges from 19.49% to 40.42% in hypercaloric diet and 18.94% to 41.30% in normocaloric diet. The best variable to indicate obesity in experimental models is relative carcass fat. Other markers of obesity may predict excessive accumulate adipose tissue, but may underestimate animal obesity levels.
